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Abstract The aim of this paper is to introduce a new distance-based similarity measure 
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measure have been studied and the findings are applied in medical diagnosis of some 
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1 Introduction 


The vagueness or uncertainty representation of imperfect knowledge becomes a crucial issue in 
the areas of computer science and artificial intelligence. To deal with the uncertainty, the fuzzy 
set proposed by Zadeh [1] allows the uncertainty of a set with a membership degree between 0 
and 1. Then, Atanassov [2] introduced an intuitionistic Fuzzy set (IFS) as a generalization of 
the Fuzzy set. The IFS represents the uncertainty with respect to both membership and non- 
membership. However, it can only handle incomplete information but not the indeterminate 
and inconsistent information which exists commonly in real situations. Therefore, Smaran- 
dache [3] proposed a neutrosophic set. It can independently express truth-membership degree, 
indeterminacy-membership degree, and false membership degree and deal with incomplete, in- 
determinate,and inconsistent information. Also, several generalization of the set theories made 
such as fuzzy multi-set theory [4, 5], intuitionsitic fuzzy multi-set theory [6-10] and refined 
neutrosophic set theory [11-20]. Many research treating imprecision and uncertainty have been 
developed and studied. Since then, it is applied to various areas, such as decision making 
problems [21-44]. 

Another generalization of above theories that is relevant for our work is single valued 
neutrosophic refined (multi) set theory by introduced Ye [45] which contain a few differ- 
ent values. A single valued neutrosophic multi set theory have truth-membership sequence 
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(124 (w) , 74 (w) ,... 4% (w)), indeterminacy-membership sequence (vu) (u) , 0% (uw) ,...v%4 (w)) and 
falsity-membership sequence (w) (uw) ,w% (u),...w% (u)) of the element u € U 

The paper is organized as follows: In section 2, introduces some concepts and basic opera- 
tions are reviewed. In section 3, presents a new distance-based similarity measure for refined 
neutrosophic sets and investigates their properties. In section 4, the similarity measures are 
applied to medicine diagnosis. Finally, Conclusions and further research are contained 


2 Preliminaries 


Definition 1 [2| Let / be a universe. A neutrosophic sets A over U is defined by 


A= {, (wal), vali), wa >: u € UY} 


where, j4 (u), v4 (wu) and wy (u) are called truth-membership function, indeterminacy-membership 
function and falsity- membership function, respectively. They are respectively defined by 


wa:U )-0,17[, va:U-)-0,17[, wa: U-)-0,17[ 


such that 07 < wa (u) +, (wu) +wy (u) < 37 


Definition 2 [19] Let U/ be a universe. A single valued neutrosophic set (SVN-set) over U 
is a neutrosophic set over U, but the truth-membership function, indeterminacy-membership 
function and falsity- membership function are respectively defined by 


pa:Uu— [0,1], va: U > [0,1], wa: U- [0,1] 


Such that 0 < wy (u) +uy (u) twa (u) < 3 


Definition 3 [32] Let YU be a universe. A neutrosophic multiset set (Nms) A on U can be 
defined as follows: 


A={ 
<u (fy (uw), wg (u) Wy (U)) (vg (uw) 0% (U) 0% (u)) (rg (u) WH (u),-- why (u)) 
>: uel} 

where, 

iy (tt) wa (u),-.. wy (u) :U — [0, 

vy (uy (u),...04(u):U = (0, ]] 
and 

wh (u) w (u) 0% (u) Ue = [0,U 
such that 
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is the truth-membership sequence, indeterminacy-membership sequence and falsity- member- 
ship sequence of the element u respectively. Also, P is called the dimension (cardinality) of 
NmsA denoted d(A) We arrange the truth-membership sequence in decreasing order but the 
corresponding indeterminacy-membership and falsity-membership sequence may not be in de- 
creasing or increasing order. 


The set of all Neutrosophic multisets on U is denoted by NMS (U/). 


Definition 4 [11,19,38] Let A,B € NMS(U). Then, 
(1) A is said to be Nm-subset of B is denoted by ACB if pi, (uw) < pi (wu) 


vi, (u) > vi, (u), wi, (u) > we, (u), Vue andi =1,2,...P 


(2) A is said to be neutrosophic equal of B is denoted by A = B if pu), (u) = pi, (u) 


vi, (i) Soh aw a) Sa) s  Vore Cand 4 = 1,25 ws P 


(3) The complement of A denoted by A® and is defined by 


(4) If yu’, (u) = 0 and v', (u) = wi (u) = 1 for allu €U andi =1,2,...P then 


(5) 
(6) 


A is called null ns-set and denoted by ® 

If py (u) = 1 and v%, (u) = wi (u) = 0 for allu €U andi =1,2,...P then 
A is called universal ns-set and denoted by U 

The union of A and B is denoted by AUB = C and is defined by 


eas 


<u (ue (u), He (uw), He (u)) (ve (u) , ve (u) ,--- ve (w)) (we (u) we (u) ,.-- WE (w)) Hu 
Eu} 


Where pis = juiy (u) V slg (tu), vb = v'y (tu) A vf (1), te = wig (a) A ely (u) 
Vue and 4. =1,.25.52P 
The intersection of A and B is denoted by ANB = D and is defined by 
Da 
<u (up (u), Mp (u),--- Hp (u)) (vp (u) vB (u) ,--- UB (u)) (wp (u) wp (u) ,-- wp (u)) 
>: uel} 
where jy = ply (u) V uh(u), vb = vi (u) A vf), wh = wiy(u) A wh (u), Yu © U and 
(a A? RY og 
The addition of A and B is denoted by A+B = U, and is defined by 
uU,={ 
<u (Hig, (U) s Mey (U1) o- Hee (4) (ote, (4) Pi (U) Of, (U)) (wre, (U) sy (U) WH, (u)) 
~:ueu 


where pif, = jug (1) + His (u) — 1g (tw) ps (1) vfs, = v'g (tw) vf (ts), wf, = wi (uw) wh (w) Vu EU 
anda Shoe cade 
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(9) The multiplication of A and B is denoted by AXB = Up and is defined by 


=< 

XU (Hy (1) 5 Mity (U) oe Moly (M)) (Ug (4) 5 Vig (U) + Uy (U)) (Wey (U) s Wig (U) + Hy (4) 
>:uEeu 

where pi, = M4 (U) Mg (U), Ui, = V4 (u) + Ug (u) — VY (u) UB (U) Wy, = why (U) + wR (uw) — 
wy, (u) wg (u)Vu €U andi =1,2,...P 


Here V, A,+,.,— denotes maximum, minimum, addition, multiplication, subtraction of 
real numbers respectively. 


Definition 5 [12] Let 


A={ 
<u (ug (uw), Wy (uw), ey (U)) (vy (u) 0% (u) 0% (u)) (wey (u) , W (w) , wy (u)) 
>-:ueu 


and 


B={ 


<u (tp (uv), Mis (UW) ,--- Me (u)) (vg (u) , vg (uw) ,-- 0B (U)) (wa (w) wy (wu), w% (u)) 
> uel 


And be two NMSs, then the normalized hamming distance between A and B can be defined as 
follows: 


1/p 
1 Pp 
dy, (A,B) = 13 Sf I (es) — pes (us)? + ea (te) — 0s (us) fo (as) — ee (a) P| 
i=l 
where A, B are two SVNSsp > 0, w; (i = 1,2,...,p) are the weight of the element x; (¢ = 1,2,...,p) 


with w; > 0 and S$) w; = 1. 
i=l 


In the next section, we will define a new Hybrid Distance-Based Similarity Measures for 
Refined Neutrosophic Sets (RNSs) 


3 Hybrid Distance-Based Similarity Measures for Refined 
Neutrosophic Sets 


Definition 6 For two refined neutrosophic sets A and B in a universe of discourse which are 
denoted by 


A= { 


<u (ug (u) wy (u) oe (u)) (4 (w) 04 (u) 0% (w)) (wa (u) 4 (u) wh (w)) 
> uel 
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and 
B={ 
<u (up (u), Meu)... He (U)) (vp (u) , vp (U),-- 0g (u)) (we (u) , WRU), WR (u)) 
>-:ueu 


big (tu) bs (u) vy (?) vp (u) ws (u) we (uw) € [0,1] for every i = 1,2,....P. Let us consider the 
weight w;i = 1,2,...P with w; >0,i=1,2,...P and 7); =1. 
Then, we define the refined generalized neutrosophic weighted distance measure: 
1 P 1/p 
i i P i i P i i P 
dp (A,B) = ‘3 el [ota (ui) — Me (ue)! + fod, (ue) — 0 (ua) + [eo'g (us) — we (us)| » (1) 
i=1 


where P > 0. 

As the Hamming distance and Euclidean distance, which are two typical distance measures, 
are usually used in practical applications when P = 1,2 we can obtain the refined neutro- 
sophic weighted Hamming distance and the refined neutrosophic weighted Euclidean distance, 
respectively, as follows: 


= ig Dd willets (us) — 13 (ua) | + Jutg (ui) — vg (ua)| + [wig (ws) — wp (us), (2) 


: 1/p 
(se |e (ue) — is (us)? + Job (us) — vi (us)? + Jc (us) — tl war]  @) 
i=1 


Therefore, equations (2) and (3) are the special cases of equation (1). Then, for the distance 
measure, we have the following proposition. 


Proposition 7 The distance measured, (A,B) for p > 0 satisfies the following properties: 

(H1) 0<d,(A,B) < 

(H2) d,(A,B) =0 ee, only if A=B; 

(H3) dp (A,B) =d, (B.A); 

(H4) If C B CC, As is are fined neutrosophicin U, then d,(A,B) < d,(AC)andd,(B,C) < 
d,(A,C) 


Proof: It is easy to see that d, (A,B) satisfies the properties (H1) — (3) Therefore, we 
only prove (H4). Let AC B CC, then 


pig (tt) < phy (1) < pie (ts) , oi (te) > vig (uw) > Hb (u) , wig (u) > wig (u) > wb (u), Was EU 


and 27 = 1,2,... P we obtain following relations: 


|wig (us) — why (ua)|” < fw'g (ua) — wi (ua) | 5 Jo's (wa) — wh (ua) | < |i, (us) — wh (ws)? 
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Hence, 
i i P i i P Fi ; P 
on (wi) — Lp (ua) | ate Jorn (ui) — Ug (ua) | se | wry (ui) — wg (ua) | 
i i P i i P i i 
< [uly (us) — me (us) + Jody (ua) — 08 (ua) | + [wl (us) — we (us) 
i i P i i P j P 
M5 (wi) — Me (ua) as ee (ui) — Ue (ua) | Ay | wg (ui) — we (ua) | 
i i P i i P i ; P 
< [ply (wa) — pee (us) + fo’g (ua) — ve (ua) | + Joy (ua) — we (us) 
dy(A,C) > d)(A, B) and d)(A,C) > d)(B,C) for \ > 0. Oo 


Example 8: Assume that we have the following three refined neutrosophic weighted Hamming 
distance and the refined neutrosophic weighted Euclidean distance, in a universe of discourse 
u EU: let w, = 0.2, we = 0.4, w3 = 0.4. 


= (u, (0.8, 0.5, 0.6), (0.3, 0.1, 0.5), (0.2, 0.3, 0.4)) 
= (u, o 5, 0.7, 0.6), (0.23, 0.3, 0.4), (0.1, 0.3, 0.2)) 


d(A,B) = a D5 [a (es) — pis (us) + [oi (us) — vf (ts) | + ews (ts) ws (us) 
wr (|ply (Ur) — beg (ur) | + [og (ur) — vg (ur)| + [wh (ur) — we (u2)]) 
TW2 (ui (u 2) — Hp (u2)| + v4 (uz) — vg (w2)| + Jw (u2) — we (u2)|) 
+w (|H% (us) — We (us)| + |o% (us) — vp (us)| + [w% (us) — we (us)|) 

= * [0.2 (|0.8 — 0.5] + |0.3 — 0.2| + |0.2 — 0.1) 
+0.4(|0.5 — 0.7] + |0.1 — 0.3] + 0.3 — 0.3}) 
+0.4(|0.6 — 0.6] + |0.5 — 0.4] + |0.4 — 0.2])] 
= : ((0.2 (0.3 + 0.1 + 0.1)) + (0.4 (0.2 +0.2)) + (0.4 (0.1 +0.2))) 
d(A,B) = 0,127 


BP 1/2 
= ‘3 dolla (u;) — pris (ui) |” + |v'g (ue) — vis (ua) |? + [wig (ui) — wi wart] 
Boy [at (a) — oh (e)[? + fod (eta) — 0 (en) + J (an) — ww (any?) 


= TW (2 (u2) — Lis (uz)? le lo% (u2) — Up (u2) |” + |w% (u2) — We (uz) 
+w3(|U% (us) — Me (us) |? + v3 (us) — vg (us) |? + lw (uz) — we (us)!")] 


| 119.9 (|0.8 — 0.5]? + |0.3 — 0.2|? + |0.2 — 0.1/2) |" 


+0.4 (|0.5 — 0.7|* + |0.1 — 0.3]? + [0.3 — 0.3]?) 
+0.4(|0.6 — 0.6] + |0.5 — 0.4]? + 0.4 — 0.2|7)] 


I 1/2 
— c {(0,2 (0,09 + 0,01 + 0,01)) + (0,4 (0,04 + 0,04)) + (0,4 (0,01 + 0,04))} 


dz (A, B) = 0,157 
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Definition 9 Let 


A={ 
<u (jy (u), 4 (u),... we (u)) (v4 (u) v4 (u),...v% (u)) (wy (u) wa (u),... wh (u)) 
>: uel} 
and 
B={ 
<u (tp (u) We (u),- He (w)) (0g (w) , vg (u) ,--- 0B (W)) (we (u) , WH (UW), wh (u)) 
>: uel} 


be two refined neutrosophic sets. Then, hybrid similarity measure between refined neutrosophic 
sets A and B denoted 


Hybd (A, B) = (; da [| Hoa (tte) — Hig (tta)| + [vt (ua) + vg (ua) | + e's (ua) — wg wal] 


P 1/2 
+ (1g) | = Soe [aig (us) — aby (ae)? + [vig (ua) + 0b (ee)? + fev (ae) — ew (a)? 
Bay 


for i = 1,2,...,P. Note that similarity and distance (dissimilarity) measures are comple- 
mentary: when the first increases, the second decreases. Normalized distance measure and 
similarity measure below are dual concepts. Thus, 


6 (A,B) = 1 — Hybd (A, B) 
and vice versa. The properties of distance measures below are complementary to those of 


similarity measures. 


Remark: Then, to compare hybrid similarity measures, the positive ideal refined neutrosophic 
solution and negative ideal refined neutrosophic solution are defined as; 


yt = max (4 (u) , uy (u),...u% (w)) + min (vy (u), 0% (u),...0% (u)) + min (w), (u) , w% (u),...w% — 


respectively, for 1 = 1,2,...,n. 

Proposition 10 The similarity measure 5,(A,B) for p > 0 satisfies the following properties; 
(HD1) 0 <6,(A,B) <1; 

(HD2) 6,(A,B) =1 if and only if A= B; 

(HD3) 6,(A,B) = 4,(B,A); 

(HD4) If CB CC,C is a refined neutrosophic in U, then dbp)(A,C) < dp (A,B) and 


bp (A,C) < 5p (B,C) 
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Assume that there are two refined neutrosophic 
As4 
<u (Hy (u) oe (uw)... wy (u)) (vy (u) 0% (u) 0% (u)) (ura (u) wi (wu), w% (u)) 
>: uel} 
and 
Bay 
<u (is (Ly ite vase pe (u)) (vp (u) ira pene (u)) (wz Gi) me (Ua «eth (u)) 
>: uel} 
in a universe of distance Vu; € U. Thus, according to the relationship between the distance and 
the similarity measure, we can obtain the following refined neutrosophic similarity measure: 


5 (A, B) = 1 — Hybd (A, B) 


P 
=1- (- (3 Sow [[i4 (us) — His (ua)| + [ody (ua) + vf (ua)| + fw’ (ua) — wig wl] =f 
t=1 


; 1/2 
a-» ( uk [la (ea) — be a)? + [od Coed +08 ud |? + [et ed) — ah wif) - 
4=1 


Obviously, we can easily prove that 6; (A,B) satisfied the properties (HD1) — (HD4) in propo- 
sition 10 by the relationship between the distance and the similarity measure and the proof of 
proposition 7, which is omitted here. 

Furthermore, we can also propose another refined neutrosophic similarity measure: 
_ 1— Hybd (A, B) 


BAB 1+ Hybd (A,B) 


(Xo Lit a) — ms) |) + (| dC) — mf L}) + 


7 P ; : 2 ‘ i 2 , , 2 2 i 
(16) ($3 [late (us) — a (us)? + Jd (ua) 0 (a)? + Jd (ue) — wb (7) 
= yr | - —— 68 
6 (Ze [oa (ua) — ls (| le (as) + yu) | + | (us) — wi (us) []) + 
1+ i=l 


Ee : , 2 . : 2 , . 2 tha 
(10) ($3 0 [lie (us) — a (us)? + Jo (us) oh (a)? + Jr (ue) ~ wh (dP) 


Then, the similarity measure 6 (A, 8) also satisfied the properties (HD1) — (HD4) in Propo- 
sition 2. 


Proof: It is easy to see that 62 (A, 8) satisfies the properties(HD1) — (HD3). Therefore,we 
only property have to prove (HD4) 


(H4) in proposition 1, there are 1 — 6,(A, B) > 1-—6,(A,C), 1-6, (B,C) > 1—4,(A,C). 
1+ 6, (A,B) <1+6,(A,C) and 1+ 6, (B,C) <1+6,(A,C). Then, there are the following 
inequalities: 
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sal 


Then, there are 6, (A,C) < 6, (A,B) and 6, (A,C) < 6, (B,C). Hence, the property (HD4) is 


satisfied. 


Oo 


Example 11: Assume that we have the following two refined neutrosophic hybrid similarity 
measure in a universe of discourse u € U; let wy = 0.2, we = 0.3, w3 = 0.5 


A = (u, (0.5, 0.5, 0.3), (0.8, 0.1, 0.2), (0.2, 0.8, 0.9)) 
B = (u, (0.5, 0.1, 0.6), (0.2, 0.3, 0.9), (0.6, 0.3, 0.2)) 


Hypbd (A, B) = (- 


P 2 ; : 2 : 2 He 
(16) ($3 [late (us) — a (us? + Jd (ua) 4 (ud? + Jd (us) — wh 
wr (|H24 (ur) — we (ur)| + Joly (ua) — vp (ur) | + [wh (ur) — wp (ur))]) 
ps | tw (uy (u2) — me (u2)| + Joy (wa) — vg (u2)| + Jw (u2) — wp (ua) 
+ws (H% (us) — Me (us) | + |0% (us) — vg (us)| + ws (us) — we (us) - 
= Bltes (|g (wr) — a (wr) |? + ody (er) — vb (ur) |? + Jw (er) — wh (ur) |”) 
+(L= 9) ) tune (|p (uz) — 1 (ua) |? + [v2 (ua) — vB (tur)? + [00% (ua) — wh (wa) |”) 
+s (|H3 (us) — wh (us) |” + [0% (us) — vf (us)|” + [ww (us) — wi (us)|”)] 
0.2 (0.5 — 0.5] + |0.8 — 0.2] + |0.2 — 0.6}) 
0.3 t | +0.3 (0.5 — 0.1| + |0.1 — 0.3] + 0.8 — 0.3]) ) 
+0.5 (|0.3 — 0.6| + |0.2 — 0.9] + |0.9 — 0.2) 


110.2 (\0.5 ~ 0.5]? + |0.8 — 0.2)? + |0.2 — 0.6/7) 
40.3 (\0.5 04? [e657 sos 0a 
+0.5(|0.3 — 0.6]? + |0.2 — 0.9]? + |0.9 — 0.2])} 


1 
3 (0,2 (0,6 + 0,4) + (0,3 (0,4 +0,2+0,5)) + (0,5(0,3+0,7 + 0,7))] 


-( | 


1 1/2 
+ 0.7 (|; {(0, 2 (0, 36 + 0, 16)) + (0, 3 (0, 16 + 0, 04 + 0, 25)) + (0,5 (0,09 + 0, 49 + 0, 19) 


Hypbd (A, B) = 0.4935 
5 (A, B) =1— Hybd (A, B) 
5 (A, B) = 0.5065 


4 Medical Diagnosis Using the Hybrid Similarity Measure 


We consider a medical diagnosis problem from practical point of view for illustration of the 
proposed approach. Medical diagnosis comprises of uncertainties and increased volume of in- 
formation available to physicians from new medical technologies. The process of classifying 
different set of symptoms under a single name of a disease is a very difficult task. In some 
practical situations, there exists possibility of each element within a lower and an upper ap- 
proximation of refined neutrosophic sets. It can deal with the medical diagnosis involving more 
indeterminacy. Actually this approach is more flexible and easy to use. The proposed similarity 
measure among the patients versus symptoms and symptoms versus diseases will provide the 
proper medical diagnosis. The main feature of this proposed approach is that it considers truth 
membership, indeterminate and false membership of each element between two approximations 
of refined neutrosophic sets by taking one time inspection for diagnosis. 
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Now, an example of a medical diagnosis is presented. Let P = {Erol, Harun, Deniz} be 
a set of patients, D = {Viral Fever, Tuberculosis, Throat} disease be a set of diseases and 
S={Throat pain, headache, body pain}be a set of symptoms. Our solution is to examine the 
patient at different time intervals (three times a day), which in turn give arise to different truth 
membership, indeterminate and false membership function for each patient in Table 1-Table 8. 
Let w, = 0.2,w2 = 0.5,w3 = 0.3. Let the samples be taken at three different timings in a day 
(in 07:00, 15:00 and 23:00) 


Table 1: Q (The Relation Between Patient and Symptoms) 
PQ Throat pain eadache Body Pain 


3, 0.6) ; 0.3) (0.3, : : 0.8) (0.9, 0.3, 0. .7, 0.2, ; ; 0.3) (0.2, 0.3, 0. 
, 0.9) , 0.4) (0.2, 3, 0.5)(0.4, 0.3, 0. 0.5) (0.3, 0.2, 0. 
5, 0.6) ; 0.5) (0.2, 0.5) (0.5, 0.4, 0. 0.3) (0.2, 0.4, 0. 


0.5)(0.3, 0.3, 0. 0.4) (0.4, 0.3, 0. 
, 0.5)(0.3, 0.3, 0.5)(0.9, 0.3, 0. 
0.5)(0.8, 0.5, ,0.4)(0.5, 0.3, 0. 


0.8) (0.9, , 0.6)(0.7, 0.8, 0. 
0.8) (0.6, 0.8, 0. ,0.7)(0.9, 0.5, 0.5 
0.7)(0.5, 0.8, 0. ,0.9)(0.5, 0.9, 0.9 


, 0.5) : 0.5) (0.4, 


, 0.6) : 0.4)(0.5, 
, 0.1) ‘ 0.5)(0.3, 


.6, 0.6), (0.6, 0.6)(0.6, 0.7, 0. 
, 0.3, 0.6), (0.8, 0.7)(0.8, 0.5, 0. 
, 0.5, 0.6), (0.6, 0.9) (0.6, 


ap alawaluaa 
Nop] mole an 


Table 2: R (The Relation Among Symptoms and Diseases) 


((0.2, 0.5, 0.6), (0.3, 0.1, 0.6)(0.2, 0.8, 0.4))] ((0.6, 0.5, 0.7), (0.2, 0.1, 0.5)(0.4, 0.3, 0.4))| ((0.1, 0.5, 0.6), (0.3, 0.1, 0.2) (0.5, 0.3, 0.7)) 
((0.4, 0.5, 0.6), (0.2, 0.7, 0.5)(0.7, 0.4, 0.1))] ((0.7, 0.2, 0.1), (0.5, 0.7, 0.3)(0.3, 0.2, 0.4))] ((0.3, 0.2, 0.3), (0.3, 0.1, 0.8)(0.9, 0.3, 0.4)) 
((0.9, 0.5, 0.7), (0.6, 0.9, 0.1)(0.5, 0.9, 0.4))] ((0.7, 0.5, 0.6), (0.3, 0.1, 0.5)(0.5, 0.3, 0.9))| ((0.8, 0.5, 0.6), (0.3, 0.1, 0.5) (0.2, 0.3, 0.4)) 


Table 3: The Hamming Weighted Distance Refined Neutrosophic Sets Q and R 


Optimal—Erol(Tuberculosis);Harun(Viral Fever); Deniz (Tuberculosis) 


Table 4: The Weighted Euclidean Distance Refined Neutrosophic Sets Q and R 


Weighted Euclidean distance Typhoid 
0,010957 007599 
bi ’ 


0,003131 0.006728 
0,023308 0,008054 [0.032480 


Optimal—Erol( Viral Fever);Harun( Viral Fever); Deniz( Tuberculosis) 
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Table 5: The Weighted Hybrid Distance Refined Neutrosophic Sets Q and R with yf = 0.43 


0,105623 0,133542 0,196243 


0,10078 0,12956 0,206745 
0,190548 0,123797 0,221704 


Optimal—Erol( Viral Fever);Harun( Viral Fever); Deniz( Tuberculosis) 


Table 6: The Weighted Similarity Measure Hybrid Distance Refined Neutrosophic Sets Q and 
R with yf = 0.48. 


Weighted similarity Measure hybrid Typhoid 
Erol 0 805757 
Harm 0,7O8255 
Deni 0, 77206 


Optimal—Erol( Viral Fever);Harun( Viral Fever); Deniz( Tuberculosis) 


Table 7: The Weighted Similarity Measure Hybrid Distance Refined Neutrosophic Sets Q and 
R with yf = 0.5 


Weighted similarity Measure hybrid Typhoid 
0.878065 | 0,880894 | 0.820116 
0,911212 | 0.885525 | 0.815309 
g.s29985 | _0,890417 | 0.801583 


Optimal—Erol(Tuberculosis);Harun( Viral Fever); Deniz( Tuberculosis) 


Table 8: The Weighted Similarity Measure Hybrid Distance Refined Neutrosophic Sets Q and 
R with yy = 0.67 


Weighted similarity Measure hybrid Typhoid 
Osis | 0,915053 | 0.871001 


0,940335 [0.922150 [0.80887 
0.87983 | _0,924937 [0.857965 


Optimal—Erol(Tuberculosis); Harun( Viral Fever); Deniz( Tuberculosis) 


5 Conclusion 


In this paper, a new hybrid similarity measure and a weighted hybrid similarity measure for 
refined neutrosophic sets are presented and some of its basic properties are discussed. The 
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proposed hybrid similarity measure enriches the theories and techniques for measuring the 
degree of hybrid similarity between refined neutrosophic sets. This measure greatly reduces 
the influence of imprecise measures and provides an extremely intuitive quantification. The 
effectiveness of the proposed hybrid similarity measure is demonstrated in a numerical example 
with the help of measure of performance and measure of error (refer to Table 1-8). Moreover, 
medical diagnosis problems have been exhibited through a hypothetical case study by using 
this proposed hybrid similarity measure. The authors hope that the proposed concept can be 
applied in solving realistic multi-criteria decision making problems. 
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